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Abstract
Complete expressions of the sbg and sbγ vertices are derived in the frame-
work of supersymmetry with minimal flavor violation. With the minimal
supergravity (mSUGRA) model, a numerical analysis of the supersym-
metric contributions to the Wilson Coefficients at the weak scale is pre-
sented.
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1 Introduction
The rare B decays serve as a good test for new physics beyond the standard model (SM) since they are not
seriously affected by the uncertainties due to long distance effects. The forthcoming B-factories will make
more precise measurements on the rare B-decay processes and those measurements would set more strict
constraints on the new physics beyond SM. The main purpose of investigation of B-decays, especially the rare
decay modes is to search for traces of new physics and determine its parameter space. In all the extensions of
SM, the supersymmetry is considered as one of the most plausible candidates. In the general supersymmetric
extension of SM, new sources of flavor violation may appear in those soft breaking terms[1]. Applying the mass
insertion method, the influence of those non-universal soft breaking terms on various flavor changing neutral
current (FCNC) processes are discussed in literatures[2]. However, too many free parameters which exist in
the supersymmetry model with non-universal soft breaking terms decrease the model prediction ability. Thus
for a practical calculation whose results can be compared with the data, one needs to reduce the number
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of the free parameters in some way, i.e. by enforcing some physical conditions and assuming reasonable
symmetries. A realization of this idea is the minimal supergravity (mSUGRA), which is fully specified by
only five parameters[3]. In this work, we perform a strict analysis on the sbg (sbγ) effective Lagrangian in the
minimal flavor violation supersymmetry up to the leading order. The NLO SUSY-QCD corrections to those
processes have been evaluated in our another work [4].
The most general form of the superpotential which does not violate gauge invariance and the conservation
laws in SM is
W = µǫijHˆ1i Hˆ2j + ǫijhIl Hˆ1i LˆIj RˆI − hId(Hˆ11QˆI2 − Hˆ12V IJQˆJ1 )DˆI − hIu(Hˆ21V ∗JIQˆJ2 − Hˆ22QˆI1)Uˆ I . (1)
Here Hˆ1, Hˆ2 are Higgs superfields; QˆI and LˆI are quark and lepton superfields in doublets of the weak SU(2)
group, where I=1, 2, 3 are the indices of generations; the rest superfields Uˆ I , DˆI and RˆI are quark superfields
of the u- and d-types and charged leptons in singlets of the weak SU(2) respectively. Indices i, j are contracted
for the SU(2) group, and hl, hu,d are the Yukawa couplings. In order to break the supersymmetry, the soft
breaking terms are introduced as
Lsoft = −m2H1H1∗i H1i −m2H2H2∗i H2i −m2LI L˜I∗i L˜Ii
−m2RI R˜I∗R˜I −m2QI Q˜I∗i Q˜Ii −m2UI U˜ I∗U˜ I
−m2DI D˜I∗D˜I + (m1λBλ1 +m2λiAλiA
+m3λ
a
Gλ
a
G + h.c.) +
[
BµǫijH
1
i H
2
j + ǫijA
I
l h
I
lH
1
i L˜
I
j R˜
I
−AIdhId(H11 Q˜I2 −H12V IJQ˜J1 )D˜I −AIuhIu(H21V ∗JIQ˜J2 −H22Q˜I1)U˜ I + h.c.
]
, (2)
where m2
H1
, m2
H2
, m2
LI
, m2
RI
, m2
QI
, m2
UI
and m2
DI
are the parameters in unit of mass squared, m3, m2, m1
denote the masses of λaG (a = 1, 2, · · · 8), λiA (i = 1, 2, 3) and λB , which are the SU(3) × SU(2) × U(1)
gauginos. B is a free parameter in unit of mass. AIl , A
I
u, A
I
d (I = 1, 2, 3) are the soft breaking parameters
that result in mass splitting between leptons, quarks and their supersymmetric partners. Taking into account
of the soft breaking terms Eq.(2), we can study the phenomenology within the minimal supersymmetric
extension of the standard model (MSSM). The resultant mass matrix of the up-type scalar quarks is written
as
m2
U˜I
=
(
m2
QI
+m2
uI
+ (1
2
− 2
3
sin2 θW) cos 2βm
2
Z −muI (AIu + µ cot β)
−muI (AIu + µ cot β) m2UI +m2uI + 23 sin2 θW cos 2βm2Z
)
, (3)
and the corresponding mass matrix of the down-type scalar quarks is
m2
D˜I
=
(
m2
QI
+m2
dI
+ (1
2
+ 1
3
sin2 θW) cos 2βm
2
Z −mdI (AId + µ tan β)
−mdI (AId + µ tan β) m2DI +m2dI − 13 sin2 θW cos 2βm2Z
)
, (4)
with muI , mdI (I = 1, 2, 3) being the masses of the I-th generation quarks. One difference between the
MSSM and SM is the Higgs sector. There are four charged scalars, two of them are physical massive Higgs
bosons and other are massless Goldstones in the SUSY extension. The mixing matrix can be written as:
ZH =
(
sin β − cos β
cos β sin β
)
(5)
with tan β = υ2
υ1
and υ1, υ2 being the vacuum-expectation values of the two Higgs scalars. Another matrix
that we will use in the later derivation is the chargino mixing matrix. The SUSY partners of the charged
Higgs and W± combine to give four Dirac fermions: χ±1 , χ
±
2 . The two mixing matrices Z± appearing in the
Lagrangian are defined as
(Z−)TMcZ+ = diag(mχ1 ,mχ2 ), (6)
2
where Mc is the mass matrix of charginos. In a similar way, ZU,D diagonalize the mass matrices of the up-
and down-type squarks respectively:
Z†
U˜I
m2
U˜I
Z
U˜I
= diag(m2
U˜I
1
, m2
U˜I
2
) ,
Z†
D˜I
m2
D˜I
Z
D˜I
= diag(m2
D˜I
1
, m2
D˜I
2
) . (7)
In the framework of minimal supergravity (mSUGRA), the unification assumptions at the GUT scale are
expressed as[5]
AIl = A
I
d = A
I
u = A0 , (8)
B = A0 − 1 ,
m2H1 = m
2
H2 = m
2
LI = m
2
RI = m
2
QI = m
2
UI = m
2
DI = m
2
0 ,
m1 = m2 = m3 = m 1
2
.
Under these assumptions, the mSUGRA is specified by five parameters:
A0, m0, m 1
2
, tan β, sgn(µ),
and the flavor structure of the model is similar to SM, i.e. flavors change only via the CKM matrix.
The supersymmetric contributions will modify the Wilson Coefficients of the effective sbg and sbγ vertices.
For the W-boson propagator, we adopt the nonlinear Rξ gauge whose gauge fixing term is [6]
L
gauge−fixing
= −1
ξ
f †f (9)
with f = (∂µW
+µ − ieAµW+µ − iξmWφ+) in our calculations. A thorough discussion about the gauge
invariance was given by Deshpande et al. [7, 8].
As in the case of SM [13], the operator basis for b→ sg in the supersymmetry consists of
O1 = 1
(4π)2
s¯(i /D)3ω−b ,
O2 = 1
(4π)2
s¯{i /D, gsG · σ}ω−b ,
O3 = 1
(4π)2
s¯iDµ(igsG
µν)γνω−b ,
O4 = 1
(4π)2
s¯(i /D)2(msω− +mbω+)b ,
O5 = 1
(4π)2
s¯gsG · σ(msω− +mbω+)b . (10)
In these operators, Dµ ≡ ∂µ − igsGµ and Gµν ≡ GaµνT a denotes the gluon field strength tensor with Gaµν =
∂µG
a
ν − ∂νGaµ + gsfabcGbµGcν , and G · σ ≡ Gµνσµν .
For transition b→ sγ, the operator basis is somewhat different from those in eq.(10) and the changes are
reflected in the following replacements:
O2 → O6 = 1
(4π)2
s¯{i /D, eQdF · σ}ω−b ,
O3 → O7 = 1
(4π)2
s¯iDµ(ieQdF
µν)γνω−b ,
O5 → O8 = 1
(4π)2
s¯eQdF · σ(msω− +mbω+)b (11)
3
with Fµν being the electromagnetic field strength tensor and F · σ ≡ Fµνσµν .
2 The effective Lagrangian for s¯bg (s¯bγ)
At first, we present the analysis of s¯b-mixing. The self-energy diagrams are drawn in Fig.1. The unrenormal-
ized s¯b self-energy is given as
Σ =
ig22
32π2
∑
i=u,c,t
VibV
∗
is
{(
A0(xi, xH , xU˜iα
, xχβ ) +
p2
m2
W
A1(xi, xH , xU˜iα
, xχβ )
)
/pω−
+
(
B0(xi, xH , xU˜iα
, xχβ ) +
p2
m2
W
B1(xi, xH , xU˜iα
, xχβ )
)
(msω− +mbω+)
+C0(xi, xH , xU˜iα
, xχβ )
mbms
m2
W
/pω+
}
(12)
with the symbolic definitions xi =
m2
i
m2
W
, x
H
=
m2
H+
m2
W
, x
U˜iα
=
m2
U˜iα
m2
W
, xχβ =
m2
χβ
m2
W
with i = u , c , t. Those form
factors A0, A1, B0, B1 and C0 are complicated functions of the parameters and their explicit expressions are
collected in Appendix.A.
We renormalize the s¯b self-energy according to the well-known prescription, namely by demanding that
the renormalized self-energy Σˆ vanishes when one of the external legs is on its mass-shell[9, 10, 11]. Obviously,
this is a necessary physical condition which must be satisfied. This is realized as
Σˆ =
ig22
32π2
∑
i=u,c,t
VibV
∗
is
{(
A∗ +A0(xi, xH , xU˜iα
, xχβ ) +
p2
m2
W
A1(xi, xH , xU˜iα
, xχβ )
)
/pω−
+
(
B∗s +B0(xi, xH , xU˜iα
, xχβ ) +
p2
m2
W
B1(xi, xH , xU˜iα
, xχβ )
)
msω−
+
(
B∗b +B0(xi, xH , xU˜iα
, xχβ ) +
p2
m2
W
B1(xi, xH , xU˜iα
, xχβ )
)
mbω+
+
(
C∗ + C0(xi, xH , xU˜iα
, xχβ )
)mbms
m2
W
/pω+
}
, (13)
where
A∗ = −A0(xi, xH , xU˜iα , xχβ )−
m2b +m
2
s
m2
W
(
A1(xi, xH , xU˜iα
, xχβ ) +B1(xi, xH , xU˜iα
, xχβ )
)
,
B∗b = −B0(xi, xH , xU˜iα , xχβ )−
m2s
m2
W
(
A1(xi, xH , xU˜iα
, xχβ ) +B1(xi, xH , xU˜iα
, xχβ )
)
,
B∗s = −B0(xi, xH , xU˜iα , xχβ )−
m2b
m2
W
(
A1(xi, xH , xU˜iα
, xχβ ) +B1(xi, xH , xU˜iα
, xχβ )
)
,
C∗ = −mbms
m2
W
(
A1(xi, xH , xU˜iα
, xχβ ) + 2B1(xi, xH , xU˜iα
, xχβ ) + C0(xi, xH , xU˜iα
, xχβ )
)
. (14)
After carrying out the renormalization procedure described above, the self-energy is written as
Σˆ =
ig22
32π2
∑
i=u,c,t
VibV
∗
is
{[p2 −m2b −m2s
m2
W
A1(xi, xH , xU˜iα
, xχβ )−
m2b +m
2
s
m2
W
B1(xi, xH , xU˜iα
, xχβ )
]
/pω−
4
+
[ p2
m2
W
B1(xi, xH , xU˜iα
, xχβ ) +
m2b
m2
W
(
A1(xi, xH , xU˜iα
, xχβ ) +B1(xi, xH , xU˜iα
, xχβ )
)]
msω−
+
[ p2
m2
W
B1(xi, xH , xU˜iα
, xχβ ) +
m2s
m2
W
(
A1(xi, xH , xU˜iα
, xχβ ) +B1(xi, xH , xU˜iα
, xχβ )
)]
mbω+
−mbms
m2
W
(
A1(xi, xH , xU˜iα
, xχβ ) + 2B1(xi, xH , xU˜iα
, xχβ )
)
/pω+
}
. (15)
This procedure is exactly the same as that adopted in the SM case[18].
Next, let us calculate the unrenormalized s¯bg vertex Γρ(p, q) corresponding to Fig.2. Keeping terms up to
order p
2, q2
m2
W
[12, 13, 15, 16, 17], we have
Γ
b→sg
ρ = gsT
a ig
2
2
32π2
∑
i=u,c,t
VibV
∗
is
{
A0(xi, xH , xU˜iα
, xχβ )γρω−
+A1(xi, xH , xU˜iα
, xχβ )
p2γρ + (p+ q)
2γρ + /pγρ/p
m2
W
ω− + F1(xi, xH , xU˜iα
, xχβ )
q2
m2
W
γρω−
+F2(xi, xH , xU˜iα
, xχβ )
/pγρ/q
m2
W
ω− + F3(xi, xH , xU˜iα
, xχβ )
/qγρ/p
m2
W
ω−
+F4(xi, xH , xU˜iα
, xχβ )
/qγρ/q
m2
W
ω− +B1(xi, xH , xU˜iα
, xχβ )
1
m2
W
(
(/p+ /q)γρ + γρ/p
)
(msω− +mbω+)
+F5(xi, xH , xU˜iα
, xχβ )
1
m2
W
[/q, γρ](msω− +mbω+) + C0(xi, xH , xU˜iα
, xχβ )
mbms
m2
W
γρω+
}
, (16)
where Fi(xi, xH , xU˜iα
, xχβ ) (i = 1, · · · , 5) are collected in Appendix.A. From Eq.12 and Eq.16, it is easy to
show that Γ
b→sg
ρ obeys the Ward-Takahashi identity
qρΓ
b→sg
ρ (p, q) = gsT
a
[
Σ(p+ q)− Σ(p)
]
. (17)
According to the general principle of renormalization, s¯bg−vertex does not exist in the fundamental
Lagrangian, thus it does not need to be renormalized. In other words, the divergence would be canceled as
the physical conditions are taken into account. In the nonlinear Rξ gauge, as well as in the unitary gauge, the
one-loop penguin diagram results in a divergence. On other side, all the one-loop diagrams which contribute
to the b → sg or b → sγ processes constitute a convergent subgroup. Thus obviously, the renormalizations
of the penguin and flavor-changing self energies are associated. In fact, the Ward-Takahashi identity holds at
the unrenormalized penguin, to renormalize the s¯bg vertex, we demand that the Ward-Takahashi identity be
preserved by the renormalized vertex Γˆ
b→sg
ρ [18],
qρΓˆ
b→sg
ρ (p, q) = gsT
a
[
Σˆ(p + q)− Σˆ(p)
]
. (18)
It is noted that with this requirement, just as in the SM case [18], the renormalization of the s¯bg vertex is
realized when we renormalize the self-energy by enforcing the physical condition Σˆ = 0 as one of the external
legs being on its mass shell. Moreover, indeed, the renormalization scheme of the s¯bg vertex pledges the
current conservation for an on-shell transition, since the renormalized self-energies Σˆ(p+ q) and Σˆ(p) are zero
as both b and s are on mass shell [18].
This renormalization scheme can be understood from another angle. The requirement that the Ward-
Takahashi identity holds and condition Σˆ(on-shell)=0 realize the renormalization of the s¯bg vertex and the
scheme is equivalent to summing up the contributions of penguin and flavor-changing self-energies to the
transition s¯bg at one-loop level. This procedure can be generalized to two-loop calculations.
5
Applying Eq.18, we have
Γˆ
b→sg
ρ = gsT
a ig
2
2
32π2
∑
i=u,c,t
VibV
∗
is
{
− m
2
b +m
2
s
m2
W
(
A1(xi, xH , xU˜iα
, xχβ ) +B1(xi, xH , xU˜iα
, xχβ )
)
γρω−
+A1(xi, xH , xU˜iα
, xχβ )
p2γρ + (p+ q)
2γρ + /pγρ/p
m2
W
ω− + F1(xi, xH , xU˜iα
, xχβ )
q2
m2
W
γρω−
+F2(xi, xH , xU˜iα
, xχβ )
/pγρ/q
m2
W
ω− + F3(xi, xH , xU˜iα
, xχβ )
/qγρ/p
m2
W
ω−
+F4(xi, xH , xU˜iα
, xχβ )
/qγρ/q
m2
W
ω− +B1(xi, xH , xU˜iα
, xχβ )
1
m2
W
(
(/p+ /q)γρ + γρ/p
)
(msω− +mbω+)
+F5(xi, xH , xU˜iα
, xχβ )
1
m2
W
[/q, γρ](msω− +mbω+)
−
(
A1(xi, xH , xU˜iα
, xχβ ) + 2B1(xi, xH , xU˜iα
, xχβ )
)mbms
m2
W
γρω+
}
. (19)
The terms of dimension-four which are related to the s¯γρω±b vertex cancel each other as long as we let b and
s quarks be on their mass shells[13], so that we do not need to consider them at all. We ignore all terms
which vanish as
m2u,c
m2
W
→ 0, whereas keep the part in the coefficients which are proportional to ln m2u,c
m2
W
in the
final effective vertex for b→ sg, we can recast Eq.19 to a form with the operator basis given in Eq.10:
Γˆ
b→sg
ρ =
4GF√
2
{
VtbV
∗
ts
5∑
i=1
Ci(µW)Oi +
(4
3
VcbV
∗
cs lnxc +
4
3
VubV
∗
us lnxu
)
O3
}
. (20)
After matching between the effective theory and the full theory[14], we have the effective Lagrangian for
b→ sg at the weak scale in the minimal flavor violating supersymmetry as:
Lb→sg = 4GF√
2
VtbV
∗
ts
5∑
i=1
Ci(µW)Oi (21)
where
C1(µW) = −
[ 5xt + 1
2(1 − xt)3 +
x3t + 2x
2
t
(1− xt)4 lnxt
]
+
1
tan2 β
[x3txH (lnxt − lnxH
(x
H
− xt)4
+
2x3t + 5x
2
txH − xtx2H
6(x
H
− xt)3
]
+ 2
∑
α, β
(Aα,β3 )2
[
−
x2
χβ
x
U˜3α
(lnx
U˜3α
− lnxχβ )
(x
U˜3α
− xχβ )4
−
2x2
χβ
+ 5xχβ xU˜3α
− x2
U˜3α
6(xχβ − xU˜3α )
3
]
,
C2(µW) = xt
[ 5xt − 2
4(1 − xt)4 lnxt +
−4 + 13xt − 3x2t
8(1− xt)3
]
+
1
tan2 β
[
− x
2
tx
2
H
(lnxt − lnxH )
4(x
H
− xt)4
−2xtx
2
H
+ 5x2txH − x3t
24(x
H
− xt)3
]
+
∑
α, β
(Aα,β3 )2
[x2
χβ
x
U˜3α
(ln x
U˜3α
− lnxχβ )
2(xχβ − xU˜3α )
4
+
2x2
χβ
+ 5xχβ xU˜3α
− x2
U˜3α
12(xχβ − xU˜3α )
3
]
,
6
C3(µW) =
[−9x2t + 16xt − 4
6(1− xt)4 lnxt +
−x3t − 11x2t + 18xt
12(1 − xt)3
]
+
1
tan2 β
[(2xtx3H − 3x2tx2H )(lnxt − lnxH )
6(x
H
− xt)4 +
16xtx
2
H
− 29x2txH + 7x3t
36(x
H
− xt)3
]
+
∑
α, β
(Aα,β3 )2
[x3
χβ
(lnx
U˜3α
− lnxχβ )
3(xχβ − xU˜3α )
4
+
11x2
χβ
− 7xχβxU˜3α + 2x
2
U˜3α
18(xχβ − xU˜3α )
3
]
,
C4(µW) = xt
[ x2t − xt
(1− xt)4 lnxt +
x2t − 1
2(1 − xt)3
]
−
[x2txH (lnxt − lnxH )
(x
H
− xt)3 +
x
H
xt + x
2
t
2(x
H
− xt)2
]
−
∑
α, β
mχβ√
2m
W
cosβ
(Aα,β3 B
α,β
3 )
[2xχβxU˜3α (ln xU˜3α − lnxχβ )
(xχβ − xU˜3α )
3
+
xχβ + xU˜3α
(xχβ − xU˜3α )
2
]
,
C5(µW) = xt
[ lnxt
2(1 − xt)3 +
3− xt
4(1 − xt)2
]
+
[xtx2H (lnxt − lnxH )
2(x
H
− xt)3 +
3x
H
xt − x2t
4(x
H
− xt)2
]
−
∑
α, β
mχβ√
2m
W
cosβ
(Aα,β3 B
α,β
3 )
[xχβxU˜3α (lnxU˜3α − lnxχβ )
(xχβ − xU˜3α )
3
+
xχβ + xU˜3α
2(xχβ − xU˜3α )
2
]
, (22)
with
Aα,βi = −Z
1,α
U˜i
Z+
1,β
+
mui√
2m
W
sin β
Z2,α
U˜i
Z+
2,β
,
Bα,βi = −Z
1,α
U˜i
Z−
2,β
, (23)
and the mixing matrices Z
U˜i
Z±
2,β
are given in Eqs.6, 7. The first terms in the above expressions are the SM
contributions[13] and the second terms are the charged Higgs contributions. The supersymmetric corrections
exist in the third terms.
For the vertex s¯bγ, the Feynman diagrams are drawn in Fig.3.
With all unrenormalized quantities the Ward-Takahashi identity for the s¯bγ vertex is in form:
qρΓ
b→sg
ρ (p, q) = −
1
3
e
[
Σ(p+ q)− Σ(p)
]
. (24)
To renormalize the s¯bγ vertex, we demand that the Ward-Takahashi identity be preserved for the renor-
malized vertex Γˆ
b→sγ
ρ [18],
qρΓˆ
b→sg
ρ (p, q) = −
1
3
e
[
Σˆ(p+ q)− Σˆ(p)
]
. (25)
The other steps are similar to those applied in the calculation for the s¯bg vertex. The result is written as
Lb→sγ = 4GF√
2
VtbV
∗
ts
{
C1(µW)O1 + C4(µW)O4 + C6(µW)O6 + C7(µW)O7 + C8(µW)O8
}
(26)
with
C6(µW) = xt
[18x2t − 11xt − 1
8(1 − xt)3 +
15x2t − 16xt + 4
4(1− xt)4 lnxt
]
+
xt
tan2 β
[4x2t + xtxH + 25x2H
72(xt − xH )3
−(3x
2
txH + 2xtx
2
H
)(ln xt − lnxH )
12(xt − xH )4
]
+
∑
α, β
(Aα,β3 )2
[
−
8x2
U˜3α
+ 5x
U˜3α
xχβ − 7x2χβ
36(x
U˜3α
− xχβ )2
7
+
(3x2
U˜3α
xχβ − 2xU˜3αx
2
χβ
)(ln x
U˜3α
− lnxχβ )
6(x
U˜3α
− xχβ )4
]
,
C7(µW) =
[−19x3t + 25x2t
12(1 − xt)3 +
3x4t − 30x3t + 54x2t − 32xt + 8
6(1− xt)4 lnxt
]
+
xt
tan2 β
[
− 19x
2
t + 109xtxH − 98x2H
108(xt − xH )3
+
(3x3t − 9x2txH − 4x3H )(ln xt − lnxH )
36(xt − xH )4
]
+
∑
α, β
(Aα,β3 )2
[52x2
U˜3α
− 101x
U˜3α
xχβ + 43x
2
χβ
54(x
U˜3α
− xχβ )3
−
(6x3
U˜3α
− 27x2
U˜3α
xχβ + 12xU˜3α
x2
χβ
+ 2x3
χβ
)(ln x
U˜3α
− lnxχβ )
9(x
U˜3α
− xχβ )4
]
,
C8(µW) = xt
[−5x2t + 8xt − 3
4(1 − xt)3 +
3xt − 2
2(1 − xt)3 lnxt
]
−xt
[ 1
2(xt − xH )
+
(x2
H
+ xtxH )(lnxt − lnxH )
2(xt − xH )3
]
+
∑
α, β
mχβ√
2m
W
cos β
(Aα,β3 B
α,β
3 )
[
−
7x
U˜3α
− 5xχβ
6(x
U˜3α
− xχβ )2
+
(3x2
U˜3α
+ 2x
U˜3α
xχβ )(ln xU˜3α
− lnxχβ )
3(x
U˜3α
− xχβ )3
]
.
(27)
3 Numerical results
In this section, we present our numerical results of the Wilson coefficients in the mSUGRA model. As we
have mentioned before, the model is fully specified by five parameters
m0, m 1
2
, A0, tan β, sgn(µ).
Here m0, m 1
2
, and A0 are the universal scalar quark mass, gaugino mass and trilinear scalar coupling. They
are assumed to arise through supersymmetry breaking in a hidden-sector at the GUT scale µGUT ≃ 2 ×
1016GeV. In our numerical calculation, to maintain consistency of the theory and the up-to-date experimental
observation, when we obtain the numerical value of the Higgs mass in the mSUGRA model with the five
parameters, and we include all one-loop effects in the Higgs potential[19]. Moreover we also employ the two-
loop RGEs[20] with one-loop threshold corrections[19, 21] as the energy scale runs down from the mSUGRA
scale to the lower weak scale.
For the SM parameters, we have mb = 5GeV, mt = 174GeV, mW = 80.23GeV, αe(mW) =
1
128
, αs(mW) = 0.12 at the weak scale. In our later calculations, we always set A0 = 0, sgn(µ) = −.
Taking above values, we find that the Standard Model prediction for the Wilson Coefficients are C2SM (mW) =
0.315, C3SM (mW) = 0.256, C5SM (mW) = −0.218, C6SM (mW) = −1.477, C7SM (mW) = 1.511, C8SM (mW) =
0.891. Then with the aforementioned inputs of the five parameter we evaluate the supersymmetric corrections
to those Wilson coefficients Ci(mW) (i = 2, 3, 5, · · · , 8).
Even though other Wilson coefficients also get nonzero contributions from the supersymmetric sector, our
discussions mainly focus on C
2,3,5,6,7,8
(m
W
) because they play more significant roles in low energy phenomenol-
8
ogy. Moreover, we will illustrate their dependence on the supersymmetric parameters through the attached
figures.
In Fig.4, we plot C2(mW), C3(mW), C5(mW) versus m 1
2
with m0 = 100GeV, A0 = 0, sgn(µ) = −
and tan β = 2, 20. Setting m 1
2
= 100GeV, A0 = 0, sgn(µ) = − and tan β = 2, 20, the dependence
of C2(mW), C3(mW), C5(mW) on m0 is plotted in Fig.5. From Fig.4, we find that the supersymmetric
contributions make the Wilson coefficients at the weak scale deviate from the SM predictions obviously when
m 1
2
≤ 800GeV; when m 1
2
further increases, the new physics contributions gradually become immaterial. A
similar situation exists in Fig.5, the Wilson coefficients tend to the SM prediction values as m0 increases. For
the Wilson coefficients of b→ sγ, we plot C6(mW), C7(mW), C8(mW) versus m 1
2
with m0 = 100GeV, A0 =
0, sgn(µ) = − and tan β = 2, 20 in Fig.6. Setting m 1
2
= 100GeV, A0 = 0, sgn(µ) = − and tan β = 2, 20,
dependence of C2(mW), C3(mW), C5(mW) onm0 is plotted in Fig.7. The trend of changes of those coefficients
with respect to parameters m 1
2
, m0 is similar to that in the b→ sg case.
When the effective Lagrangian is applying at the hadronic scale, we should evolve those Wilson coefficients
from the weak scale down to the hadronic scale. The running depends on the anomalous dimension matrix of
concerned operators[22]. The coefficients Ci(mW) obtained at the weak scale MW are regarded as the initial
conditions for the differential RGEs.
4 Discussions
In this work, we discuss contributions to the effective Lagrangian for b → sg and b → sγ from the SUSY
sector in the mSUGRA model. As many authors suggested, if the masses of the lightest SUSY particles are
close to the electroweak energy scale, the contribution from the SUSY sector to the Wilson coefficients of the
induced operators is comparable with that from SM.
Our numerical results indicate that within a reasonable mSUGRA parameter range, the SUSY contribution
to C5(mW) can enlarge the SM prediction by about 90%, and to the other coefficients, the SUSY contributions
are not smaller than 30% of that of SM.
If the masses of the SUSY particles are larger, the SUSY contributions to the effective Lagrangian would
become weaker. Then as the SUSY particles are very heavy, the main contribution to the effective Lagrangian
uniquely comes from the standard model.
As well known, the QCD correction to the vertices s¯bg and s¯bγ is important and for practical application
of the effective Lagrangian to evaluate the physical processes, say B decays, one needs to run down the
coefficients from the weak energy scale to the hadronic scale, i.e. MB ∼ 5GeV≪ µW , in terms of the RGEs[4].
In this work, we adopt the non-linear Rξ gauge. The advantage is that the Ward-Takahashi identity holds
at the one-loop level no matter for the unrenormalized or renormalized quantities. This advantage would be
more obvious as we go on doing the two-loop calculations.
Our numerical results also show that as all SUSY particles become very heavy, the values of all coefficients
tend to that determined by the SM sector which is consistent with the results obtained before [18].
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Appendix
9
A The expressions for the form factors
The form factors in self-energy is given as
A0(xi, xH , xU˜iα
, xχβ ) = (1 +
xi
2
)
[
∆+
1
2
+ lnxµ +
xi
xi − 1 −
x2i lnxi
(xi − 1)2
]
+
xi
2 tan2 β
[
∆+
1
2
+ lnxµ +
xi
xi − xH
− x
2
i lnxi
(xi − xH )2
+
(2x
H
xi − x2H ) ln xH
(xi − xH )2
]
+
∑
α, β
(Aα,βi )2
[
∆+
3
2
+ lnxµ −
x
U˜iα
x
U˜iα
− xχβ
+
x
U˜iα
(2xχβ − xU˜iα ) ln xU˜iα
(x
U˜iα
− xχβ )2
−
x2
χβ
lnxχβ
(x
U˜iα
− xχβ )2
]
,
A1(xi, xH , xU˜iα
, xχβ ) = (1 +
xi
2
)
[2x2i + 5xi − 1
3(xi − 1)3 −
2x2i lnxi
(xi − 1)4
]
+
xi
2 tan2 β
[2x2i + 5xixH − x2H
3(xi − xH )3
− 2x
2
ixH (lnxi − lnxH )
(xi − xH )4
]
+
∑
α, β
(Aα,βi )2
[x2
U˜iα
− 5x
U˜iα
xχβ − 2x2χβ
3(x
U˜iα
− xχβ )3
+
2x
U˜iα
xχβ (lnxU˜iα
− lnxχβ )
(x
U˜iα
− xχβ )4
]
,
B0(xi, xH , xU˜iα
, xχβ ) =
x2i lnxi
xi − 1 −
x2i lnxi − xixH lnxH
xi − xH
+2
∑
α, β
mχβ√
2m
W
cos β
(Aα,β3 B
α,β
3 )
[
∆+ 1 + lnxµ −
x
U˜iα
lnx
U˜iα
− xχβ lnxχβ
x
U˜iα
− xχβ
]
,
B1(xi, xH , xU˜iα
, xχβ ) = −xi
[ xi + 1
2(xi − 1)2 −
xi lnxi
(xi − 1)3
]
+xi
[ xi + xH
2(xi − xH )2
− xixH (ln xi − lnxH )
(xi − xH )3
]
+
∑
α, β
mχβ√
2m
W
cos β
(Aα,β3 B
α,β
3 )
[ x
U˜iα
+ xχβ
(x
U˜iα
− xχβ )2
−
2x
U˜iα
xχβ (lnxU˜iα
− lnxχβ )
(x
U˜iα
− xχβ )3
]
,
C0(xi, xH , xU˜iα
, xχβ ) =
1
2
[
∆+
1
2
+ lnxµ +
xi
xi − 1 −
x2i lnxi
(xi − 1)2
]
+
tan2 β
2
[
∆+
1
2
+ lnxµ +
xi
xi − xH
− x
2
i lnxi
(xi − xH )2
+
(2x
H
xi − x2H ) lnxH
(xi − xH )2
]
+
∑
α, β
(Bα,β3 )2
2 cos2 β
[
∆+
3
2
+ lnxµ −
x
U˜iα
x
U˜iα
− xχβ
+
x
U˜iα
(2xχβ − xU˜iα ) ln xU˜iα
(x
U˜iα
− xχβ )2
−
x2
χβ
lnxχβ
(x
U˜iα
− xχβ )2
]
. (28)
The expression for Fi(xi, xH , xU˜iα
, xχβ ) (i = 1, · · · , 5) is written as
F1(xi, xH , xU˜iα
, xχβ ) = (1 +
xi
2
)
[5x2i − 22xi + 5
18(xi − 1)3 +
(3xi − 1) lnxi
3(xi − 1)4
]
10
+
1
tan2 β
[xi(5x2i − 22xixH + 5x2H )
36(xi − xH )3
− (x
3
H
xi − 3x2Hx2i )(lnxi − lnxH )
6(xi − xH )4
]
+
∑
α, β
(Aα,βi )2
[x2
U˜iα
− 8x
U˜iα
xχβ − 17x2χβ
36(x
U˜iα
− xχβ )3
+
(3x
U˜iα
x2
χβ
+ x3
χβ
)(lnx
U˜iα
− lnxχβ )
6(x
U˜iα
− xχβ )4
]
,
F2(xi, xH , xU˜iα
, xχβ ) =
[
− x
3
i − 15x2i − 12xi + 8
12(xi − 1)3 −
(5x2i − 2xi) ln xi
2(xi − 1)4
]
+
1
tan2 β
[
− xi(x
2
i − 5xixH − 2x2H )
12(xi − xH )3
− x
2
ix
2
H
(lnxi − lnxH )
2(xi − xH )4
]
+
∑
α, β
(Aα,βi )2
[
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x2
U˜iα
− x
U˜iα
xχβ − 2x2χβ
6(x
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− xχβ )3
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x
U˜iα
x2
χβ
(lnx
U˜iα
− lnxχβ )
(x
U˜iα
− xχβ )4
]
,
F3(xi, xH , xU˜iα
, xχβ ) =
[5x3i + 3x2i + 6xi + 4
12(xi − 1)3 +
xi(2x
2
i − xi − 2) ln xi
2(xi − 1)4
]
+
1
tan2 β
[xi(5x2i + 5xixH − 4x2H )
12(xi − xH )3
+
(2x3i xH − x2i x2H )(lnxi − lnxH )
2(xi − xH )4
]
+
∑
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(Aα,βi )2
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U˜iα
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U˜iα
xχβ − 2x2χβ
6(x
U˜iα
− xχβ )3
−
x
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x2
χβ
(lnx
U˜iα
− lnxχβ )
(x
U˜iα
− xχβ )4
]
,
F4(xi, xH , xU˜iα
, xχβ ) = −(1 +
xi
2
)
[5x2i − 22xi + 5
18(xi − 1)3 +
(3xi − 1) ln xi
3(xi − 1)4
]
+
1
tan2 β
[
− xi(5x
2
i − 22xixH + 5x2H )
36(xi − xH )3
+
(x3
H
xi − 3x2Hx2i )(ln xi − lnxH )
6(xi − xH )4
]
+
∑
α, β
(Aα,βi )2
[x2
U˜iα
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U˜iα
xχβ − 17x2χβ
36(x
U˜iα
− xχβ )3
+
(3x
U˜iα
x2
χβ
+ x3
χβ
)(lnx
U˜iα
− lnxχβ )
6(x
U˜iα
− xχβ )4
]
,
F5(xi, xH , xU˜iα
, xχβ ) =
[
− xi(xi − 3)
4(xi − 1)2 −
xi lnxi
2(xi − 1)3
]
+
[xi(xi − 3xH )
4(xi − xH )2
+
xix
2
H
(lnxi − lnxH )
2(xi − xH )3
]
+
∑
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2m
W
cos β
(Aα,β3 B
α,β
3 )
[ x
U˜iα
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2(x
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x
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(x
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]
.(29)
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Figure 1: The one-loop self-energy diagrams for b→ s in the SUSY model with minimal flavor violation
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Figure 2: The one-loop diagrams for b→ sg in the SUSY model with minimal flavor violation
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Figure 3: The one-loop diagrams for b→ sγ in the SUSY model with minimal flavor violation
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Figure 4: The Wilson coefficients at the weak scale for b→ sg in mSUGRA versus m 1
2
with A0 = 0, sgn(µ) =
− and (i) solid-line: tan β = 2; (ii) dash-line: tan β = 20; (iii) dot-line: the SM prediction value.
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Figure 5: TheWilson coefficients at the weak scale for b→ sg in mSUGRA versusm20 with A0 = 0, sgn(µ) = −
and (i) solid-line: tan β = 2; (ii) dash-line: tan β = 20; (iii) dot-line: the SM prediction value.
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Figure 6: The Wilson coefficients at the weak scale for b→ sγ in mSUGRA versus m 1
2
with A0 = 0, sgn(µ) =
− and (i) solid-line: tan β = 2; (ii) dash-line: tan β = 20; (iii) dot-line: the SM prediction value.
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Figure 7: The Wilson coefficients at the weak scale for b→ sγ in mSUGRA versus m20 with A0 = 0, sgn(µ) =
− and (i) solid-line: tan β = 2; (ii) dash-line: tan β = 20; (iii) dot-line: the SM prediction value.
19
